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Rotavirus SAil, suspended in tryptose phosphate broth with 2.5 mg of rhodamine B per ml, was

aerosolized (Collison nebulizer) into a rotating drum, and the aerosols were held at 20 + 1°C with the desired
relative humidity (RH). An all-glass impinger with tryptose phosphate broth was used to collect 1-min (5.6-
liter) samples of air from the drum. The virus was found to survive best at medium (50 5%) RH, where its

half-life was nearly 40 h. The half-life of the virus at the low (25 -+- 5%) RH level was about 9 h. Even at 72 h
of aerosol age, 45 and 21% of the infectious virus remained detectable in the air at the medium and low RH
levels, respectively. The high (80 5%) RH level was found to be the least favorable to the survival of the
virus, since 50% of the infectious virus became undetectable within 2 h of aerosolization. In a separate
experiment at the midrange RH. 3% of the infectious virus was detectable in the drum air after 223 h (9 days)
of aerosol age. Rotaviruses could, therefore, survive in air for prolonged periods, thus making air a possible
vehicle for their dissemination.

Members of the rotavirus group are now well recognized
as important pathogens of humans as well as a variety of
animals (6). Apart from cases of rotaviral diarrhea in the
general community, outbreaks due to these viruses frequent-
ly occur in hospitals (18). Such outbreaks have also been
reported in nursing homes (3, 10), day-care centers (25), and
schools (11). The exact mechanisms of virus spread during
these outbreaks are not yet fully clear. However, air is
suspected as a vehicle in their direct or indirect spread (7,
13). Before detailed epidemiological studies could be at-
tempted to substantiate this, it was considered important to
find out how well rotaviruses could survive in the airborne
state.
The MA-104 cell line was used throughout this study. The

procedures for the cultivation, maintenance, and passage of
these cells have been described in detail previously (26). Cell
cultures for virus plaque assay were put up in 12-well plastic
plates (Costar, Cambridge, Mass.). Each well was seeded
with ca. 5 x 104 cells in 2.0 ml of minimal essential medium
in Earle base (Autopow; Flow Laboratories, Inc., Rockville,
Md.) with 10% fetal calf serum (Flow). The plates were
sealed individually in plastic bags (Phillips Electronics Ltd.,
Toronto, Canada) before being placed at 37°C in an ordinary
walk-in incubator. The monolayers were generally ready for
plaque assay within 48 h of seeding.

Simian rotavirus SAl (strain H-96) was first plaque
purified in MA-104 cells, and the same cells were used for
the preparation of virus pools. To ensure that the pools
contained only monodispersed particles of the virus, they
were filtered through a polycarbonate membrane (Bio-Rad
Laboratories, Richmond, Calif.) with a pore diameter of 80
nm. The plaque assay procedure has been described in detail
previously (27).
The virus was aerosolized with the help of a six-jet

Collison nebulizer (17) purchased from BGI Inc., Waltham,
Mass. A 300-liter stainless steel drum (9, 21) was used for the
storage of the aerosols. The drum was rotated at 4 rpm to

reduce loss of the aerosols by sedimentation (9). The tem-
perature inside the drum was kept at 20 + 1°C. Drum air
containing the virus aerosols was sampled at appropriate
intervals with an all-glass impinger (34). A critical vacuum
was maintained in all experiments so that the impinger would
operate at its design capacity of 5.6 liters/min.
Rhodamine B (Eastman Kodak, Rochester, N.Y.), a fluo-

rescent dye, was used as a physical tracer (5, 30) in this
study. Reference solutions for the standardization of the dye
were prepared in tryptose phosphate broth. An Aminco-
Bowman spectrophotofluorometer (American Instrument
Co., Silver Spring, Md.) was used for measuring dye concen-
trations in the samples. The excitation and emission wave-
lengths used were 546 and 590 nm, respectively.
The spray fluid consisted of tryptose phosphate broth with

2.5 mg of rhodamine per ml and Antifoam C (Sigma Chemi-
cal Co., St. Louis, Mo.) at a final concentration of 1%. The
Collison nebulizer, with 15 ml of the appropriate spray fluid,
was attached to the inlet of the rotating drum, and aerosol-
ization was carried out at a pressure of 1.8 kg/cm2. The first
air sample from the drum was collected after a 15-min period
of aerosol stabilization. An impinger containing 10 ml of
tryptose phosphate broth with 1% antifoam as aerosol col-
lection fluid was operated for 1 min to draw 5.6 liters of the
drum air. Using the same procedure, we collected additional
samples of the air at 0.5, 1, 2, 4, 8, 24, 48, 72, and 223 h after
virus aerosolization.
The fluid from the impinger was divided into two portions.

One of these was used for estimating the amount of the
physical tracer and the other was used for virus plaque
assay. The extent of biological decay of the virus in the air
was calculated by the following formula:

% virus survival =
tracer concentration at time zero

tracer concentration at time t

virus titer at time t
x

virus titer at time zero
x 100

* Corresponding author.
Survival of the aerosolized virus was tested at the follow-

ing levels of relative humidity (RH): low (25 ± 5%), medium
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temperate regions have noted a relationship between the
occurrence of such outbreaks and the relatively low indoor
RH (2). Data available from tropical areas also indicate that
an increase in the number of cases of rotaviral diarrhea in the
general community often coincides with periods of cool and
dry weather (4, 24, 32).

id\~50±5% In many patients in nosocomial outbreaks of rotaviral
diarrhea, involvement of the respiratory tract precedes the
diarrheal phase (15). Attempts to detect rotaviruses in nasal

2 5 % swabs and washings have, however, been unsuccessful to
./st a date (23). Here it should be noted that replication of rotavi-

ruses in the respiratory tract may not be necessary before
the production of gastroenteritis; virus-containing aerosols
collected in the respiratory tract could be translocated by

w 8 O~_ 5%mucociliary activity and ingested (28). Intranasal instillation
of rotavirus-containing inocula has in fact been shown to
result in diarrhea in piglets (35) and calves (16).

0 15 30 45 60 75 The observation of Kraft (14) suggested that epizootic
diarrhea of infant mice due to murine rotavirus could spread

T l M E l N HO U R S in animal colonies by virus-contaminated air. In other labo-
1. Effect of relative humidity on the airborne survival of ratories, spread of rotaviral diarrhea in animal holding
s SAll at 20 ± 1°C. facilities is also believed to have occurred by the aerial route

(19).
The 1964 outbreak of acute gastroenteritis in a group of

%), and high (80 ± 5%). For the experiments at the islands in the mid-Pacific was shown to be due to a rotavirus
[, the drum was first filled with air passed through a with the help of retrospective serological studies (8); the high
cylinder (Hammond Drierite Co., Xenia, Ohio). attack rate an the rapid spread of the outbreak strongly

I water was sprayed into the drum to raise the RH to suggested the possibility of aerial spread of the virus.
ired level before conducting experiments at the The role of rotavirus-containing aerosols in the contamina-

i and high RH levels. tion of animate and inanimate surfaces also needs to be
ast four experiments were conducted at each of the considered here. Aerosolized particles of larger size generat-
H levels. Figure 1 summarizes the findings of these ed during the handling of rotavirus-containing material (33)
ients. The virus appeared to survive best at the could lead to the contamination of surfaces in the immediate
l RH at which its half-life was approximately 40 h. At surroundings. It has already been demonstrated that rotavi-
level, about 45% of the infectious virus remained ruses can survive for prolonged periods on a variety of

ble in the drum air even after 72 h of aerosol age. The inanimate surfaces (22).
of the virus at low RH was nearly 9 h, and close to In addition to the situations described above, generation
the infectious virus could be recovered from the of aerosols containing rotaviruses could also occur in a

r 72 h after its aerosolization. High RH was found to number of other settings. Rotaviruses have been detected in
-ast favorable to the survival of the aerosolized virus, domestic sewage (E. M. Smith and C. P. Gerba, Proceed-
M% of the infectious virus became undetectable within ings of the 179th National Meeting, American Chemical
ierosolization; at this RH level, no infectious virus Society, 20:167-169, 1980), and virus-containing aerosols are
e recovered from the air sample collected 24 h after known to be generated during the treatment and spray
ization. irrigation of such wastes (29). Several research and service
etermine how long infectious rotavirus particles re- laboratories now regularly handle rotavirus-contaminated
detectable in the drum air at the midrange RH, a materials. Many routine procedures carried out in such

e experiment was carried out. Nearly 3% of the laboratories can lead to the production of infectious aerosols
us virus could be detected in the drum air even at 223 (31).
ys) of aerosol age. The work in progress in our laboratory is aimed at
findings of this study show that the capacity of studying the airborne survival of rotaviruses from humans
is SAl1 to survive in the airborne state (20 ± 1°C) is and other animals. Such information, together with the
-ed by RH. In this regard, the RH in the midrange findings reported here, should help in understanding the
nd to be more favorable compared to the other two genesis of outbreaks due to rotaviruses and in instituting
els tested. In contrast to this, other nonenveloped proper measures for their prevention and control.

viruses such as poliovirus (12), adenovirus (20), and reovirus
(1) have been found to survive better at high RH levels. Low
levels of RIj, on the other hand, have been found to be more
conducive to the airborne survival of many types of envel-
oped'viruses (5, 12, 20). Therefore, the behavior of rotavirus
SA11, as seen in this study, appears to resemble that of
enveloped viruses.

If naturally aerosolized rotaviruses are found to survive in
the indoor atmosphere to the same extent, air could readily
facilitate their spread in settings such as hospital wards,
nursing homes and day-care centers. A number of epidemio-
logical studies on outbreaks of rotaviral diarrhea in certain
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